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ABSTRACT 
 
The overall goal was to prove that Powder Metallurgy (PM) manufacturing 
techniques and components could be used to create the bus structure and satisfy NASA's 
safety requirements.  This project is a continuation of a previous project in which 
preliminary designs and analyses were conducted. The results of the previous project 
provide preliminary data that PM components will meet NASA’s safety requirements and 
that it is reasonable to use PM to manufacture a low cost, lightweight nanosat bus 
structure.  To continue moving toward the ultimate goal, our objectives were (1) to 
modify the existing design to create a more efficient and practical structure, (2) to 
machine and build the bus structure with both wrought and powder metal components, 
and (3) to analyze the nanosatellite bus structure though finite element analysis and 
destructive testing.  A prototype bus structure has been constructed, and the design has 
gone through several revisions.  The FEA indicates that the current design will surpass 
the loading requirements outlined by NASA. 
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1 Introduction 
The ultimate goal of this project was to prove that Powder Metallurgy is a viable 
option for use in spacecraft applications.  This was done by first designing and 
constructing a prototype of the PANSAT nanosatellite.  Once the structure was made, it 
was tested and analyzed using finite element analysis.  The previous project provided 
information about the properties of powder metals and demonstrated that they were 
comparable to those of their wrought counterparts.  This current project began with the 
creation of a design for the bus structure that would utilize the strengths of powder metal. 
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2 Design Specifications Overview and Purpose 
This section establishes the design specifications for the PAN-STR subsystem for 
PANSAT (herein referred to as the PAN-STR).  These requirements can be broken down 
into two sections: the first being physical design specifications and the second being 
structural design specifications. 
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3 Specification Reference Documents 
The following documents of the exact issue shown shall form part of this 
specification.  In the event of conflict between the requirements of this specification and 
any referenced document the order of precedence shall be 1) this specification, 2) the 
pertinent sections of the WPI Documents, and 3) the pertinent sections of the 
Government and Industry Documents.  In the event no revision is shown, the current 
superseding revision of the document shall be considered inclusive. 
3.1 Government/Industry Documents 
Name Designation (Version) Section(s) 
University Nanosat ICU UN-0001 All 
Stress Analysis Guidelines UN-SPEC-12311 All 
3.2 WPI Documents 
Name Designation (Version) Section(s) 
PANSAT:  Utilization and Design of a  
Powder Metal Bus Structure for 
Nanosatellites 
DA-NANO 
 
All 
 
 8 
 
4 Design Specifications 
 The PAN-STR subsystem encompassed the bus structure for PANSAT.  All other 
subsystems were contained within the bus.  The structure had to be able to withstand the 
forces and vibrations that are possible during a launch. 
4.1 Physical Design Specifications 
  The allowable static envelope for the Nanosat within the Internal Cargo Unit 
(ICU) was defined in the ICU User’s Guide as a right cylinder with a diameter of 18.7 
inches and a height of 18.7 inches.  This envelope had to contain all antennas, solar 
panels and any other surface mounted components. 
 The mass of the entire Nanosat was not to exceed 30kg. This mass includes 
everything above the Satellite Interface Plane (SIP) including all fasteners. This also 
includes the fasteners required to connect the Lightband to the Nanosat, but not the 
Lightband itself. 
 The CG for the Nanosat was to be no more than 0.25 inches from the ICU 
centerline.  It also had to be no more than 12 inches above the SIP. In the case of 
PANSAT the SIP was the outer surface of the bottom shelf. 
 The bottom shelf provided an interface with the Lightband and was also suitable 
for use with the separation micro switches.  The Lightband has 24 x 0.281” diameter 
through holes placed on a 15 inch bolt circle.  Fasteners for the interface are described in 
the ICU User’s Guide and consist of ¼-28 socket head cap screws. 
4.2 Structural Design Specifications 
  The structure was required to meet NASA requirements for structural integrity 
and safety as described in the ICU User’s Guide. The Nanosat was required to have a 
fundamental frequency above 100Hz given a fixed-base condition at the SIP. 
 The Nanosat also had to be able to withstand acceleration loads of ±20.0g’s 
applied on each major axis independently using the ICU coordinate system shown in 
section 4.1 of the ICU User’s Guide. This value does not include safety factors. The 
safety factor for the design is 2.0 for yield and 2.6 for ultimate. The satellite was also 
required to withstand the random vibrations that would occur in a Shuttle environment. 
 A stress analysis had to be completed in order to verify that the design Factors of 
Safety (FS) are “met or exceeded and that a Margin of Safety (MS) of zero or greater 
exists for both yield and ultimate stress conditions, i.e.” (ICU User’s Guide) 
 9 
MS= (Allowable Stress) ÷ ((FS) x (Actual Stress)) − 1 ≥ 0; where FS = Factor of Safety 
 In addition, a fracture control program needed to be implemented, that would 
provide assurance that no catastrophic failure will result from the propagation of flaws, 
cracks, or crack-like defects in the structure during its life. 
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5 Structure Design Overview and Purpose 
This section describes the methods with which the specifications will be satisfied 
and also some of the research that was completed in order to support the present and 
future data obtained by PAN-STR.  It will outline the different steps required to achieve 
the goals of the PAN-STR team, and the procedures that have been taken to successfully 
complete the project. 
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6 Design Reference Documents 
The following documents of the exact issue shown shall form part of this 
specification.  In the event of conflict between the requirements of this specification and 
any referenced document the order of precedence shall be 1) this specification, 2) the 
pertinent sections of the WPI Documents, and 3) the pertinent sections of the 
Government and Industry Documents.  In the event no revision is shown, the current 
superseding revision of the document shall be considered inclusive. 
6.1 Government/Industry Documents 
Name Designation (Version) Section(s) 
University Nanosat ICU UN-0001 All 
Stress Analysis Guidelines UN-SPEC-12311 All 
 
6.2 WPI Documents 
Name Designation (Version) Section(s) 
PANSAT:  Utilization and Design of a  
Powder Metal Bus Structure for 
Nanosatellites 
 
DA-NANO 
 
All 
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7 Bus Structure Description 
 
 The PAN-STR subsystem contains all other subsystems within its structure.  The 
sidewalls of the structure were made out of powdered metal (PM) aluminum.  PM is used 
around the world in many different applications including automotive parts.  Until 
PANSAT, PM had not been used to create a main bus structure for a SV.  This 
technology has many benefits including: reduced waste and high production rates with a 
reduction in costly secondary operations such as machining.  One of the team’s main 
goals was to prove through modeling and testing that powder metal is a viable material 
for use in satellite bus structures. 
7.1 Mechanical Properties1 
One of the tasks for the structures team of PANSAT was to determine the 
feasibility of using powdered metal for the construction of the bus structure. This would 
greatly facilitate the construction of satellites with interchangeable or replaceable parts, 
or even possibly satellites that are modular by design. 
One of the best ways to begin showing that PM is a viable option for space 
structures is by comparing various PM materials with wrought materials of similar 
composition. The table below, table 3-1, highlights the important comparable data gained 
through testing and researching the listed materials.  One can see clearly that the ultimate 
tensile strength (UTS) values of the powdered metals are slightly smaller, but still similar 
to that of the wrought Al2014.  The yield strength values for the PM parts were less than 
the wrought Al6061, but significantly greater than that of the wrought Al2014. The 
elastic moduli of the PM samples were comparable to that of the Al2014 with the 
exception of the HIPed Ampal Al2712. The only significant discrepancy was the 
elongation at fracture.  The powder metal samples had much lower elongations at 
fracture. Also notice, Table 3-2 shows the comparison between the values obtained from 
the ASTM specifications compared to the data from the tensile testing.  This table is 
displayed to prove the legitimacy of the procedures performed during the tensile testing 
given by the ASTM specifications.  According to the Standard Specification for Sintered 
Aluminum Structural Parts B595-95 (Reapproved 2000) and the Standard Specification 
for Powder Metallurgy (P/M) Titanium Alloy Structural Components B 817-98, the data 
                                               
1
 http://www.epma.com/rv_pm/PM%20Products/1.%20STRUCTURAL%20PARTS/Mechanical%  
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displayed in Table 3-2 as the ASTM Data are the values one may receive from tensile 
testing if properly performing the Standard Test Methods for Tension Testing of Metallic 
Materials from ASTM E8-01є2 and the values obtained from the tests are close or better.   
 
Wrought 
  Al6061 
Wrought 
Al2014 
Powder Metal 
HIPed Ampal 
 Al2712 
Powder Metal 
   HIPed Alcoa  
Al201 
Powder Metal 
     Ampal  
     Al2712 
Powder Metal 
 Alcoa 
 Al201 
Density (g/cc) 2.7 2.8 N/A N/A 2.5 2.5 
UTS  (MPa) 310 186 157.68 168.03 164.85 161.81 
Yield Strength (MPa) 276 96.5 135.32 156.69 149.35 148.03 
Elongation at Fracture (%) 12 18 1.93 1.32 1.72 1.56 
Modulus of Elasticity (GPa) 69 72.4 31.02 50.18 49.41 53.78 
Table 3-1:  Comparison Between P/M and Wrought 
 
 
  
ASTM Data 
Al2014-T4 
Powder Metal 
 HIPed Ampal 
 Al2712 
Powder Metal 
HIPed Alcoa  
Al201 
ASTM Data  
Al2014-T1 
Powder Metal 
 Ampal Al2712 
Powder Metal 
 Alcoa Al201 
Density (g/cc) 2.45-2.6 2.5+ 2.5+ 2.45-2.6 2.5 2.5 
UTS (MPa) 179 157.68 168.03 152 164.85 161.81 
Yield Strength (MPa) 152 135.32 156.69 117 149.35 148.03 
Elongation at Fracture (%) 2.5 1.93 1.32 3 1.72 1.56 
 
T1 - as sintered 
T4 - heat treated at 940-970F aged at room temp 
 
Table 3-2: Comparison Between ASTM Data and Results 
7.1.1 Porosity 
The mechanical properties of structural PM components are influenced primarily 
by the residual porosity.  Porosity reduces the amount of metal actually present in a given 
section of the part and when it is loaded the pores themselves can act as stress raisers.  In 
Key 
 
Material property is better 
 
Material property is similar 
  
Material property is lower 
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wrought materials tensile strength can be controlled by the composition of the alloy and 
the structural changes brought about through heat treatment. Similar strength levels can 
be achieved in PM components by raising the density level but not adding alloying 
elements, or by maintaining an acceptable level of porosity but adding alloying elements.  
Yield strength follows the same pattern. However, these are extremely intricate inter-
relations, and it is therefore important to discuss with the PM producer the choice of both 
material and production cycle. 
7.1.2 Tensile Strength/Yield Strength 
Because tensile strength is the oldest property used to characterize the mechanical 
behavior of PM materials designers have had good reasons for specifying it on their 
drawings.  However, strength and fatigue concepts should not be mixed up. If parts are 
subject to dynamic loading, the conclusion about the performance of the component in 
service may only be approximate or even wrong when tensile strength (alone or with 
other properties, like elongation and impact strength) is used to establish the suitability of 
a material for an application where fatigue is present.  In mechanical design, yield 
strength usually is more important than tensile strength. Designers must take into account 
that dimensional stability is guaranteed only when stresses due to service loading are 
below this threshold value.  So tensile/yield strength are useful properties, but should be 
used with care as so to avoid improper interpretation of results. 
7.1.3 Elongation 
Elongation values give a good indication of the material's ductility, i.e. its ability 
to absorb substantial amounts of energy prior to fracture.  For PM, designers are limited 
to elongation values ranging between 1 and about 10%.  With the same alloy composition 
a decrease of density also decreases elongation values; the decrease is steeper at a relative 
density higher than about 90% of wrought (transition from closed to open porosity). 
7.1.4 Impact Strength/Fracture Toughness 
Unnotched Charpy impact strength figures for many PM materials range from 5 to 
around 35J.  Higher values are found in the case of high relative densities (>93-95%).  
The ability of a material to resist crack initiation and propagation can be quantified only 
by adopting fracture mechanics concepts.  Fracture toughness values of PM materials are 
lower than that of wrought materials; in the case of PM steels with densities in the range 
6.5 to 7.0 g/cm³, fracture toughness increases and crack propagation decreases.  However, 
the most important and experimentally verified aspect shows that, in cyclic loading near 
the fatigue limit, PM steels with a density of about 7.1 - 7.5 g/cm³ cracks propagate more 
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slowly in comparison with nodular cast iron and wrought heat treatable steels.  This 
effect is due to the presence of pores, which compensate for the weakening of the 
structure.   
7.1.5 Fatigue Strength 
Considering what has been said before about fracture toughness, fatigue 
endurance limits increase with increasing density of PM parts.  Fatigue strength of 
unnotched PM steels is lower than that of wrought steels; however, in the presence of 
notches (Kt > 2.0) the difference practically disappears, provided that density is 7.1 g/cm³ 
or more.  Fatigue strength is greater under bending than axial loading, due to the 
difference in the influence of pores, which is less severe in the case of bending.  An 
improvement in strength can be obtained by local densification of the already sintered 
part, but the highest improvements are obtainable by means of post sintering heat 
treatments.   
7.1.6 Corrosion Resistance/Magnetic Properties 
PM parts working in mechanical devices usually require no protection for 
corrosion because the presence of lubricants guarantees safe operation.  However, where 
PM parts are exposed to high humidity or corrosive media they are more prone to 
corrosion than their wrought counterparts.  Surface pores increase the surface area 
exposed to the environment and can also act as pockets where corrosive media have an 
enhanced effect.  Corrosion resistance can be assured by the use of stainless steels, or by 
zinc plating followed by chromating of PM steel components.  Steam treatment and resin 
impregnation also make PM parts less prone to corrosion.   
Porosity affects the magnetic properties of PM materials.  It must therefore be 
minimized when high induction (Bmax) is needed; remanence (Br) is affected in the 
same way.  Pores also limit the mobility of domain walls, i.e. an increase in density gives 
higher values of permeability (µ) and lowers coercive force (Hc).  Other aspects, like 
grain size, presence of work hardening (annealing may be required), presence of 
impurities in the lattice, have the same importance as in the case of dense materials.  
Recently, new magnetic powders based on iron where the single particles are coated with 
an insulating resin have been developed for AC applications (low eddy current losses). 
7.2 Bus Structure Design 
The maximum dimensions for the Nanosat envelope were a diameter of 18.7 
inches and a height of 18.7inches.  Since the satellite also had a mass limit of 30 kg, care 
was taken when designing the size and shape of the bus structure.  Because of the mass 
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limit, it was decided that all the components should be able to fit within an approximate 
height of approximately 12 inches to minimize the mass and lower the center of gravity.  
Because of the solar cell demands, the height was increased to just under the max 
dimension. 
There were two possible models for the final bus structure.  With the knowledge 
that a cylindrical shape would have the most surface area for the given dimensions, PAN-
STR chose two geometric solutions similar to a cylinder, but with flat sides to make it 
possible to attach the solar cells.  One of the options is a hexagon or six-sided figure with 
top and bottom faces.  One is an octagon or eight-sided figure with top and bottom faces.  
In order to choose between the two, results were obtained by calculation in order to 
determine the optimum design.  These calculations can be found in PANSAT:  Utilization 
and Design of a Powder Metal Bus Structure for Nanosatellites (David Belliveau, 
Catherine Price). PAN-STR found the Octagon to be the favorable option.  The Bus 
Structure design had to account for the added dimensions of solar cells in its final design.  
Because of the power constraints, the design was limited to a structure that was just under 
the given Nanosat requirement of 18.7” x 18.7”. 
7.2.1 Layout 
The octagonal shape was made up of 8 full walls as well as a top, bottom and 
middle shelf.  Each of the full walls was actually composed of two symmetrical half wall 
constituents.  The exploded assembly model is shown in Figure 3-1 for reference 
throughout the remainder of the document. 
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Figure 3-1: PANSAT Exploded View 
 
7.2.2 Sidewalls 
All of the walls, including the top, middle, and bottom shelves, are isogrid in 
design.  This eliminates approximately ¾ of the mass from the structure as well as allows 
for sheer stresses to be distributed more evenly than in a solid plate.  This isogrid design 
involves 60 degree angled supports to afford max stability and mass distribution.  Every 
interior corner includes a maximum 0.25 inch radius to minimize stress concentrations 
and allow the ease of manufacture of an initial prototype.  The figure below does not 
have rounds so as to better show the 60 degree angle. 
 
Figure 3-2: Depiction of 60° Isogrid Structure 
 
Each of the eight walls measured 16.895 x 6.777 inches, which is slightly smaller than 
the maximum dimension allowed to account for shake and vibrations.  They each house a 
solar panel measuring slightly smaller in size.  These panels have eight connection points; 
to be secured with NASA approved fasteners.  Figure 3-3 shows this interface. 
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Figure 3-3: Side Wall-Solar Cell Interface 
 
Each wall has 28 connection points on the top and bottom, which were to connect 
to the top and bottom shelves respectively.  They were also connected in 4 points to the 
center plate, which in essence links all the walls together. 
7.2.3 Top and Bottom Shelves 
Both of these walls were very similar in design with only a few differences. These 
differences were as follows: the bottom shelf had a 4-inch diameter hole in the center to 
allow for boom deployment.  It also had 2 struts removed for the separation micro 
switches that interfaced with the ICU.  As with the sidewalls, these shelves were also 
isogrid in design.  The isogrid design for these was a radial pattern rather than linear 
struts. 
As seen in Figure 3-4 below there are a total of 112 connections for the sidewalls.  
These connections used #4-40 flathead screws NASA part # NAS1102E04-12.  There 
were also 24 through-holes for attaching the Lightband (as specified in the ICU User’s 
Guide), which were placed on the bottom.  The through-holes measured 0.281 inches in 
diameter, which fit ¼-28 socket head cap screws – NASA Part# 1351N4.  Self-locking 
inserts, manufactured by HeliCoil® were used for all screw-type fasteners. 
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Figure 3-4: Top and Bottom Plates 
7.2.4 Center Shelf 
The center shelf has multiple uses. First, it serves to connect the top and bottom 
halves of the satellite.  There are four #8-32 screws – NASA Part# NAS1102E08-8 
(including thread inserts) that hold each sidewall to the center shelf.  This makes for a 
total of 64 screws attaching the sidewalls to the center shelf.  The middle wall also 
increases the stability of the structure by reducing the ability of the side walls to displace 
during vibration.  In addition to structural benefits, the center shelf also provides 44 
additional mounting points to accommodate the payload. Figure 3-5 shows the center 
shelf with the holes for the sidewalls. 
 
Figure 3-5: Center Shelf 
 
 Each wall and shelf contains an array of holes intended for mounting the boxes 
that contain the subsystems.  The center shelf has 44 available mounting locations, while 
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the top shelf has 45 and the bottom shelf has 43.  Each sidewall has 29 holes, four of 
which are for solar cell mounting.  All of the interior payload mounting holes are sized 
for #6-32 flat head screws – NASA Part# NAS1102E06-8.  The solar cell mounting holes 
are sized for #8-32 flat head screws – NASA Part# NAS1102E08-8. 
 The final structure can be seen below in Figures 3-6 and 3-7. 
 
 
 
  
Figure 3-6: Final Bus Structure Design 
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Figure 3-7: Final Design with Solar Panels 
7.3 Finite Element Analysis 
In order to prove that the bus structure was able to withstand the loading 
described in the ICU, a Finite Element Analysis (FEA) was conducted.  The isogrid 
structure allows for multiple load paths, which distribute loads, but make hand-
calculations a non-viable option for primary calculations. Pro/Mechanica Structure was 
used to determine the maximum stress points, and stress distributions in the structure.  
Before completing the FEA, we identified the critical areas of the structure assembly. 
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There are a total of 224 fasteners attaching the top and bottom shelves to the 
sidewalls.  These fasteners are 4-40 flathead through-thread 100 degree countersunk 
screws from the NASA recommended parts list -NASA Part#NAS1102E04-12. These 
fasteners each have a max tensile load of 966.4 lbs.  Figure 3-8 below shows the ‘dove 
tail’ type interface between the sidewalls and the top and bottom shelf.  The design 
minimizes the shear loading on the fasteners. Screw-lock type HeliCoils are to be used 
in conjunction with all fasteners as outlined in the ICU User’s Guide in order to reduce 
the possibility of tear-out.  The final assembly suggests phosphor bronze HeliCoils, as 
they are non-magnetic and possess high corrosion resistance.  However, due to financial 
limitations the prototype incorporated coated stainless steel HeliCoils. 
 
 
Figure 3-8: Dovetail Interface 
 
The dovetail joints are also a critical area for the walls themselves.  The powder 
metal sidewalls and the wrought shelves might be undergoing their highest stresses in 
these joints.  A separate FEA should be conducted specifically for the dovetail joints.  
Figure 3-9 below shows the loads and constraints that were applied to a single joint to 
simulate a worst-case loading situation as well as the element mesh that was used for the 
analysis.  The displacement constraint has been applied to the bottom shelf at the SIP, 
and there is a shear force acting on the top surface of the sidewall normal to the inner face 
of the sidewall.  The joints were analyzed using simulated stainless steel 4-40 screws. 
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Figure 3-9: Loads and Constraints for Dovetail FEA 
 
Further analysis was conducted to obtain the behavior of the bus structure under a 
simulated launch environment with simultaneous acceleration loads of 11 G’s along the 
x, y and z axes.  The displacement constraint was once again placed on the SIP.  While 
this study was not completed (only 3 half walls included), the initial results indicate that 
the maximum Von Mises stresses experienced in this environment would be 
approximately a factor of 10 less than the yield strength of the chosen PM alloy.  The 
results shown in figure 3-10 are shown on a scale that allows the reader to view the stress 
distribution.  Contrary to our team’s assumption, the maximum stresses appear to occur 
in the truss structures as opposed to the joints. 
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Figure 3-10: Von Mises Stress Distribution For Initial Structure FEA 
 
The analysis of the dovetail joints, however, will give insight into the load paths 
that exist in the structure under different loading scenarios.  Figure 3-11 is a fringe plot of 
Von Mises stress (a combination of normal and shear stresses) that shows a preliminary 
analysis that was set up by placing a fixed displacement constraint on the top surface of a 
sidewall (surface with dovetail joints), and a 5000-PSI pressure force on the outer surface 
of the wall (+Z direction).  As expected, the horizontal trusses (parallel with X-axis) did 
not undergo nearly as much loading as those with a Y-axis component of orientation. 
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Figure 3-11: Preliminary Analysis 
 
In addition to a complete static analysis, a modal analysis will need to be 
conducted for the entire structure with payload included in order to determine the natural 
frequency of the nanosat.  Figure 3-12 below shows the bus structure with the payload 
onboard.  There is still some research that has to be done on the process of determining 
the natural frequency of the bus structure in Pro/Mechanica. 
 26 
 
Figure 3-12: PANSAT with Payload 
7.4 Testing 
There has already been testing completed on dog bone samples of various 
different P/M materials.  These results were compared with those from wrought materials 
of similar composition. These analyses can be found in PANSAT:  Utilization and Design 
of a Powder Metal Bus Structure for Nanosatellites (David Belliveau and Catherine 
Price). 
 In addition to the Pro/Mechanica analyses there is also a requirement for 
destructive testing of the critical areas.  The dovetail joints should be tested as well as the 
joints between the sidewalls and center shelf. Each of these tests should be constructed 
with screws and HeliCoils in place using an Instron 5500 Series Tensile Test machine.  
The resulting data can be compared with the FEA data in order to gain insight into the 
maximum expected stresses on the structure.   
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Quantity Part Description Manufacturer Part Number Military 
Specification 
16 P/M HIPed Alcoa 
Al201 
11” Dia x 0.375”thick 
Metal Powder 
Products, Inc. 
N/A N/A 
2 18” x 18” x 0.375”  
Al6061-T6 plate 
Yarde Metals N/A N/A 
1 18” x 18” x 1.5” 
Al6061-T6 plate 
Yarde Metals N/A N/A 
224 #4-40 flathead screws  Emanon 
Aircraft 
Fasteners 
NAS1102E04-12 N/A 
TBD #6-32 flathead screws Emanon 
Aircraft 
Fasteners 
NAS1102E06-8 N/A 
64 #8-32 flathead screws Emanon 
Aircraft 
Fasteners 
NAS1102E08-8 N/A 
224 4-40 x 0.336” length  
coated stainless steel  
self-locking inserts 
HeliCoil 3585-04CNW336 N/A 
TBD 6-32 x 0.207” length  
coated stainless steel  
self-locking inserts 
HeliCoil 3585-06CNW207 N/A 
64 8-32 x 0.328” length  
coated stainless steel  
self-locking inserts 
HeliCoil 3585-2CNW328 N/A 
24 ¼-28 socket head cap  
screws 
TBD 1351N4 N/A 
24 Washer flat thin-
regular 
TBD NAS1149C0463R N/A 
24 Nut, Hex Extended  
Washer Self-Locking 
TBD MS21043-4 N/A 
Table 3-3: Parts List for PANSAT Structure Design 
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8 Bus Structure Interface Overview and Purpose 
This section establishes the subsystem integration guidelines for PAN-STR.  It will 
outline the nature of the interface between each subsystem and the bus structure. 
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9 Interface Reference Documents 
The following documents of the exact issue shown shall form part of this 
specification.  In the event of conflict between the requirements of this specification and 
any referenced document the order of precedence shall be 1) this specification, 2) the 
pertinent sections of the WPI Documents, and 3) the pertinent sections of the 
Government and Industry Documents.  In the event no revision is shown, the current 
superseding revision of the document shall be considered inclusive. 
9.1 Government/Industry Documents 
Name Designation (Version) Section(s) 
University Nanosat ICU UN-0001 All 
Stress Analysis Guidelines UN-SPEC-12311 All 
9.2 WPI Documents 
Name Designation (Version) Section(s) 
PANSAT Navigation ICD PAN-NAV-ICD All 
PANSAT Sensors ICD PAN-SEN-ICD All 
PANSAT TMR ICD PAN-TMR-ICD All 
PANSAT Power ICD PAN-POW-ICD All 
PANSAT Navigation ICD PAN-NAV-ICD All 
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10 Interface Description 
 Each of the PANSAT subsystems are to be contained within nonmagnetic boxes 
that are mounted to the bus structure with flat-head full thread 6-32 screws – NASA Part# 
NAS1102E06-8.  As with all fastening points, Screw-Lock™ HeliCoils© are to be used. 
Since the mounting points of the bus structure were predetermined by the design, the 
mounting locations on each subsystem box vary based on their location in the 
nanosatellite.  Table 1 below shows the mass and dimensions of each subsystem, as well 
as the number of fasteners that are used for mounting to the PANSAT bus structure.  The 
physical footprint of each subsystem box will be determined once final CG calculations 
are complete. 
 
Subsystem Mass (Kg) Dimensions (in) No. of Fasteners 
COM-TNC 0.784 4.567 x 9.094 x 1.299 4 
COM-RX/Beacon 0.565 6.693 x 4.528 x 1.969 4 
COM-TX/Power 0.440 6.693 x 4.528 x 1.969 4 
TMR 0.800 10 x 6 x 4 4 
GPS/NAV 0.580 9 x 5 x 2 4 
ACS-Magnets(x5) N/A N/A 4 
Power/Sensors 1.060 6 x 6 x 3 4 
Battery Box 2.500 5.9 x 5.9 x 2.7 6 
Table 3-1:  Subsystem Property Data 
 Each of the he solar panels are mounted to an aluminum honeycomb backing plate (yet to be 
made).  This assembly is to be mounted to the exterior of the structure.  Each panel measures 16” x 6.5” 
x  .06” and is to be affixed to the sidewalls using 8 flat-head full thread 8-32 screws – NASA Part# 
NAS1102E08-8.  Figures 2 and 3 below show the solar cell mounting holes in relation to the sidewalls 
of the nanosatellite. 
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Figure 3-1:  Solar Panel and Sidewall Assembly 
 
 
Figure 1-2:  Technical Drawing of the Solar Panel Backing 
The Global Positioning System (GPS) and communications antennas are also surface 
mounted. The communications patch antennas are mounted on the nadir face of the top 
shelf (earth face).  Because of the conductive nature of aluminum they are mounted to a 
Lexan© backing plate, and screwed to the surface of the satellite via the existing payload 
mounting holes described in PAN-STR-SDD.  The GPS antennas are mounted to the 
zenith face (SIP). They are mounted using custom mountings, as their existing mounts 
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were not compatible with those on PANSAT.  The diameter of the hole for the GPS 
antennas is approximately a 0.625 inch. 
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11 Summary 
 Overall, the progress made on the PANSAT project up though spring 2005 was 
quite substantial.  The product that was created for the January 2005 Flight Competition 
Review was a fully integrated structure prototype made of wrought Aluminum 6061-T6. 
In addition to the structure, 6 Powder Metal sidewalls were made as an example of what 
the final product will be. These were machined from PM Aluminum discs.   
 With regard to the computer designs and analysis, there was additional progress 
made.  All working solid models were completed.  The Finite Element Analysis was 
started, and initial results provide indication of a robust design.  In addition to the solid 
models, all pieces that were machined to create the satellite have corresponding Gibbs 
CAM programs that provide efficient machining and easy modification to the design if 
need be. 
 The future goals and recommendations for the project include design 
modifications to decrease the overall mass of the structure, and to accommodate 
mounting of the GPS antennas and ACS magnets. Structural analysis must also be 
completed through FEA and destructive testing on the existing structure as well as any 
next generation designs.  Upon completion of a new design, the new structure should be 
machined and tested again using FEA and destructive testing techniques. Any new 
designs should also include modifications to accommodate any changes made by other 
subsystem teams.
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13 Appendix A1 
 
The following are the technical drawings from the final design of the PANSAT 2004-
2004 Structures team. 
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